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ABSTRACT 


_  surlng  techniques  for  eKtending*dia  * e«jtrIc-conatant 
ar.d  loss  measurements  to  liquid-nitrogen  temperature  o':  10  MHz 
to  2000°C  at  100  Khz,  and  to  1600°C  at  9C  GHz  arc  discussed. 
High-temperature  measurements  on  spinel  and  sapphire  are  In¬ 
cluded  in  the  dielectric  data  accumulated  during  this  contract 
Programs  in  Fortran  IV  are  given  for  the  general  standing- 
wave  method  calculations  and  for  covered  high-loss  samples 
one-quarter  wavelength  from  the  end  of  hollow  waveguide. 
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I  LLUSTkAT  j  ONE  -  - 

Schematic  of  precision  low-frequency  bridge. 
Photographs  of  bridge  switch. 

Photographs  of  bridge  extension:  (a)  for  above 
ambient;  (h)  for  below  ambient. 
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Reentrant  cavity:  (a)  cross  section;  (b)  photograph; 
(e)  symmetry  plane;  (d)  equivalent  circuit  of 
reentra--  cavity. 


Equipment  for  measurement  of  Q  of  reentrant  cavity.  6 

High-temperature  pressure  welding  of  resonant  cavity;  6 
(a)  foil  formed  on  mandrel,  two  are  made.  Faces  are 
welded  by  hot-pressing;  (b)  welding  of  flanges  by 
hot-pressing  with  sample  inside;  (c)  finished  dielectric- 
filled  cavity;  (d)  cavity  in  graphite  container  as 


used  during  measurements. 


INTRODUCTION 


iii  the  first  stt'CIon  of  this  report  extensions  of  measurement  technir  ies 
developed  since  March  31,  1970,  are  described.  These  include  a  method  for  usirg 
the  dielectric-filled  cavity  technique  with  soft  materials,  details  of  design  for 
a  100  Ml?,  reentrant  cavity,  and  the  use  of  a  light  pipe  for  3-am  measurements. 

The  next  section  discusses  programming  for  dielectric  calculations.  The  final 
section  lists  measurement  data  on  materials  and  is  supplementary  to  AFKL-TR-70- L38. 

MEASUREMENT  INSTRUMENTATION  AND  TECHNIQUES 


* 

Low-Frequency  Bridge 

Acquisition  of  a  Ceneral  Radio  Type  1620-AP  capacitance  measuring  assembly 
has  allowed  us  to  recalibrate  the  precision  capacitor  used  in  our  two-terminal 
bridge  for  high-temperature  measurements.  The  basic  accuracy  of  0.012  assures 
that  capacitance  measurement  errors  on  solid  samples  will  be  negligible  in  compari¬ 
son  to  thickness  measurement  errors. 

Experience  in  measuring  small  (<2  pf)  high-loss,  three- terminal  samples  has 
indicated  the  need  for  more  precise  measurements  than  can  be  obtained  vitn  any 
known  direct-reading  bridge.  For  example,  the  accuracy  in  measuring  a  1-pf, 

1-megohm  sample  at  100  cycles  is  limited  as  follows: 

The  GR  1615  can  be  balanced  only  with  M  «  10  or  greater  which  limit  capaci¬ 
tance  resolution  to  0.01  pf  (12).  In  addition,  capacitance  of  the  conductance  (G) 
network  causes  an  unspecified  error. 

On  the  GR  1616,  the  capacitance  resolution  is  not  a  significant  error,  but 

the  specified  possible  error  due  to  the  capacitance  of  the  G  network  is  0.03  pf  (3%). 

1)  2) 

On  our  present  laboratory  bridges  and  the  Cole-Gross  bridge  errors  due 
to  the  capacitance  of  the  G  network  can  be  made  small  only  by  s  sacrifice  in  sensi¬ 
tivity  by  increased  loading  of  the  detector  terminals. 

The  Harris  bridge  avoids  the  above  problems  by  using  a  two-phase  source  but 
the  practical  limit  of  air  capacitors  ir.  the  C  phase  is  about  1000  pf,  corresponding 

to  a  sample  resistance  of  1.6  megohms  minimum  at  100  cycles  (if  full  voltage  is 

3) 

applied  to  the  sample) . 

A  new  bridge  is  under  construction  which  should  provide  routine  operation 
with  capacitance  errors  due  to  the  G  network  of  0,001  pf  and  provides  an  adjust¬ 
ment  to  reduce  the  error  toward  ?erc  for  any  sample  with  extra  bridge  balances. 

The  bridge  shown  schematical Jy  in  Fig.  1  is  designed  for  use  in  the  frequency 
range  0.5  Hz  (with  1  volt)  to  1  kHz,  Six  digit  resolution  in  C  is  provided  by  2 

*  Work  described  In  this  section  was  jointly  sponsored  by  0NR  (Contract  N00014- 
6  /A-0204-0003)  . 


5000  turff-j 
1000  T;ij.s 


Pig.  1„  Schematic  of  precision  low-frequency  bridge. 

standard  capacitors  and  1000-turn  transformer  winding  tapped  at  each  turn.  Six 
digit  resolution  in  C  is  provided  by  using  100  turns  of  the  transformer  plus  a 
100-turn  divider  transformer  plus  a  resistance  potentiometer.  These  controls  are 
duplicated  with  a  symmetrical  construction  in  the  sample  side  of  the  bridge;  here 
capacitors  arc  adjusted  to  balance  out  the  capacitance  of  the  opposite  conductivity 
network.  Assuming  that  the  r»-ansformer  and  C  networks  are  ideal,  successive 
balances  made  using  phase-sensitive  detectors  and  a  series  of  samples  with  in¬ 
creasin',  loss  should  lead  to  a  properly  compensated  C  network.  Tn  Fig.  2,  the 


construction  of  the  1000  point,  2-circuit  capacitance  switch  is  shown  in  present 
state.  Contact  fingers  not  shown  will  mount  on  the  rotating  cage  and  will  contact 
pins  in  the  phenolic  drucs.  The  holes  for  these  pins  are  shown  in  a  spiral  pattern. 


iO  turns,  100  points  per  revolution. 

Ihct tension  for  a  Two-Terminal  Bridge 
A  basic  problem  exist a  in 
using  our  tuo-t ordinal  wide-range 
bridge'*'*  for  both  hot  and  told 
temperatures.  For  high  temper¬ 
atures  the  coaxial  line  con¬ 
necting  the  sample  Co  the  bridge  (a) 
should  go  upward  from  tile  bridge 
to  avoid  heat  transfer  by  convec¬ 
tion  r.o  the  bridge  i  for  cold  tem¬ 
perature  the  sample  should  be 


below  the  bridge.  It  separate 
sample:  holders  are  used  for  the 
two  temperature  regions,  the 
sample  tuts*,  be  transferred  with 
risk  of  moisture  contamination 
and  two  separate  calibrations  (b) 

of  sample  holder  capacitance 
are  required.  To  avoid  this 
problem,  we  have  cons l ructeu  an 
extension  with  a  swivel  joint  in 
a  hariaontai  line.  shown  in 

p i ; • .  j,  ordinary  copper  tube 
lit  twigs  inch  siae,  were 

u.vd  for  the  outer  conductor. 


Fig.  3.  Photographs  of  bridge  extension: 
(a)  for  above  ambient;  (b)  for  below 

ambient. 
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""!u  LU'  :!;1"tor  is  7^8  inch.  These  large  conductors,  combined  with  close 

proximity  or  switch  and  sample,  result  in  nominal  line  loss  correction  of  0.0002 

in  tan  6  at  10  MHz.  .  . 

Resonant  Cavity  for  100  KHz 

As  indicated  ir  a  previous  report, ^  a  high- temperature  measuring  system  at 
100  t-’oulr1  be  a  desirable  addition  in  the  temperature-'feequency  plot  of  this 
laboratory’s  capabilities.  A  doubly-reentrant  cavity  (Fig.  4a)  offers  the  possi¬ 
bility  of  reasons'  ly  accurate  loss  measurements  to  2000°C.  Direct  measurement  of 
absolute  value  of  k'  might  not  be  accurate  (because  of  expansion  effects  in  the 
cavity),  but  comparisons  between  materials  should  be  satisfactory.  The  equivalent 
lumped  circuit  of  the  cavity  is  visualized  by  cutting  the  outer  conductor  on  the 
center  plane.  The  shorted  coaxial  line  sections  at  each  end  are  less  than  X/4 
long;  at  cne  frequency  their  equivalent  is  a  lumped  inductor  (Fig.  4d).  The 

center  capacitor  is  divided  into  two  sections  by  the  center  plane;  each  capacitor 

2 

has  the  value  2C.  Resonance  obviously  occurs  when  2(a  LC  =»  1  in  the  equivalent 
series  circuit  when  the  outer  ccrductor  is  reconnected.  Calculations  of  theoretical 
losses  for  an  empty  cavity  show  the  losses  separated  into  4  parts: 

1.  Resistance  of  outer  conductor  of  coaxial  line. 

2.  Resistance  of  inner  conductor  of  coaxial  line. 

3.  Resistance  of  shorting  plane  at  end  of  line. 

4.  Resistance  of  electrodes. 

In  Table  1  are  tabulated  the  results  of  calculations  for  3  cavities,  all  copper  at 
25°C,  inner  conductor  and  electrode  face  of  Pt  at.  25°C,  and  the  same  at  1600°C.  The 
measured  value  of  Q  for  the  copper  cavity  includes  the  contact  losses  of  the  spring 
fingers  joint,  coupling  losses  to  generator  and  detector,  and  dielectric  loss  in  the 
heat-sriielded  material;  the  25°C,  100-MHz  value  is  4350.  Figure  5  shows  the  equip¬ 
ment  used  for  determining  Q  by  the  frequency  variation  method. 

Table  1.  Losses  in  reentrant  cavity  at  100  MHz,  C  -  33.9  pf. 
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Conductors 

Copper,  25°C 

Part  Cu,  part  Pt, 

25°C 

It  tl 

Copper,  25°C 

it 

1600°C 

At  150  MHz  C  .  - 

14.6  pf. 

R2 

R3 

R4 

0.92 

2.61 

0.10 

2.27 

2,61 

0.51 

6.00 

2.61 

1.34 

1.79 

1 

3.20 

0.26 

(c )  (d  ) 


Fig.  4.  Reentrant  cavity;  (a)  cross  section;  (b)  photograph;  (c)  symmetry 
plane;  (d)  equivalent  circuit  of  reentrant  cavity. 
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Cavity 


Resonant-Cavity  Method  for  Soft  Materials 

Chsr  usual  procedure  for  treasuring  materials  above  1000°C  has  been  to  form  a 
dielectric-filled  cavity  of  the  sample  by  wrapping  it  with  Pt  or  Pt-Rh  foil  and 


Mi.,  *'>.  >!  ■  et:-re:.:jicr.Jture  pressure  welding  of  resonant  cavity;  (a)  foil  formed  on 

mandrel,  two  arc-  made.  Faces  are  welded  by  hot-pressing;  (b)  welding  of 
flanges  by  hot-pressing  with  sample  inside;  (c:)  finished  dielectric-filled 
cavity :  (i>  cavity  in  graphite  container  os  used  during  measurements. 

(, 


welding  the  foil  by  hot-pressing  against  the  sample  faces „  An  alternate  aiethod 
is  to  cake  two  flanged  caps  as  shown  in  Fig.  6  using  graphite  plunger  and  die. 

With  the  sample  In  the  cups,  the  rims  are  hot-pressed  together.  As  usual,  graphite 
cups  surround  the  sample  during  measurement. 

90-GHz  Equipment 

TMs  bridge  equipment,  s'-  originally  built,  was  intended  for  use  with 
relatively  thin  samples  (<1  cm)  and  small  diameter  (5/8  inch),  with  an  absorbing 
tube  surrounding  the  sample.  Measurements  on  fused  silica  and  pyro’ytic  graphite 
have  not  yielded  measurable  loss  values.  Longer  samples  showed  attenuation  which 
varied  depending  on  the  absorber;  this  indicates  the  beams  of  energy  are  not 
narrow  enough  for  long  samples.  Metallic  tubes  were  substituted  but  have  not  been 
fully  evaluated  to  find  minimum  satisfactory  diameter  and  length  combinations. 


PROGRAMMING 


Complication  or  K'1  in  Standing— Wave  Measurements 

The  computation  procedure  for  covered  samples  less  than  1.4  radians  long 
and  mounted  over  a  quarter  wavelength  in  coaxial  line  has  been  previously  given. 
The  program  has  been  developed  for  any  length  of  sample. in  hollow  waveguide  with 
T£  mode*  The-,  same  program  may  be  used  for  a  sample  without  cover  (by  setting  the 
constants  K1  and  K2  equal  to  zero)  and  with  coaxial  line  [by  setting  (X Ac>2  equal 
to  zero]*  The  Input  data  consist  of  node  width  with  sample-in  corrected  for  loss 
in  air-filled  section  of  line  (DS) ,  the  node  position  with  sample-in  (SN)  and  the 
node  position  with  sample  out  (AN).  The  value  of  2it X^/X  in  the  program  is  written 

27r[XE  -  AN  +  SN(I)]/LW. 

There  are  three  common  ways  of  taking  the  sample-out  node  position: 

(1)  Sample  and  cover  are  both  removed,  so  empty  holder  is  used.  Then  XE  = 
-(D2  4  D3) ,  where  D2  and  D3  are  the  thickness  of  cover  and  sample,  respectively. 

(2)  Sample  is  removed,  cover  is  loft  in  same  position.  Then  XE  is  the 
calculated  value  of  X  with  cover  and  empty  sample  space: 

XE  -  tan-l  [  K1  -  tan(2irD3/XJL  1 

^  2tt  tan  [i  +  K2  tan(2iTD3/X)  J* 


(3)  Sample  holder  (in  which  the  top  of  the  cover  is  located  a  distance 

from  the  top  of  the  holder)  is  removed  and  replaced  by  a  shorting  plane.  Then 

XE  =  d.  . 
h 

When  the  sample  over  quarter  wavelength  holder  is  used  as  in  the  previous 
program. 


XE 


A_  -1  f  cot(27TD3/l)  4  K1  1 
2 it  tan  [  1  -  K2  cot (2ttD3/X)  J* 


In  the  programs  and  in  the  above  egressions: 

X  =  LW  =  wavelength  in  air- filled  section  of  waveguide  [hollow 
(TF.  modes)  or  coax  (TE  mode)]. 


W  =14-  FC 


K1 


I  '•) 

(k’W  -  FC)1' 


tan 


~~  (k'W  -  FC)1/2]  , 
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FORTRAN  IV 

0001 

000? 


0003 

0004 

0O0S 

0006 

0007 

0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015  . 
0016 

0017 
0018 
0010 
0020 
0021 
0022 
3023 
0024 
0025 
0"26 
002  7 
702  8 
0020 
0030 
0031 
003? 
0033 
0034 
003  5 
0036 
003  7 
003  8 
00  30 
3040 
0041 
3042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
3060 
00  61 
006? 
0067 


PROGRAM  X 

COVERED  SAMPLE  (<1.4  radians)  OVER  QUARTER  WAVELENGTH 
IN  HOLLOW  GUIDE 


G  LEVEL  18  MAIN  DATE  =  71115  11/53/03 

INTEGER*4  I iJiK.NiNX 

RE  AL*R  K1 ,K2,K3,Y,XE,An.SN,LW,DX,DS,DA,X,A,  3,  A2 , 82,  Z  14RE  ,  7.  14 1 M, 

?R0L  0.  Z14  1(19. Z14ROO,  ERROR  1  ,EROLD ,  40LD,  A I M,  RE  ,  T AM,  Zi  1 R E .  ZUIM.wE, 
3C0SINE,FC,W,  ZM,Yl,TAHA,TANR,PI !  ,P1  12,  ZRD.ONF,  S TEP ! 4> / 1 . D-2 , l . 0-3 , 
41.0-4, l.D-5/.N08,F( 21/1,00,-1.00/ 

C0MPLEX*16  Zl.Z2,Z3,Z4,Z5,Z6,Z7,Z8,Z9,ZlolZll»Zl2»Z13,Z14R,Z14I, 
2Z14.Z12NEW. Z12RE.  712 IM, Z12SQ, G, H, Z 1 5, 2 2 A , ZONE , ZOONE 
RE  AL*  8  SILLY!2I  .EAKEI21  ,FUN(21 

FOU I VALENCE  (  SILLY  (  ll.Zlll  •  (  FAKE!  1  »  ,  Z  1 5  >  .  C  FIlNIll  ,  Z  1  2  SO  I 
DIMENSION  DSHD)  ,  SNI 1 3  I  ,  DATE  1 18  1 

NAMEL  IST/ IN/OS,  SN.NX/CONST/OA,  AN, XE.Kl  ,  K2 ,  K3  .  FC ,  W,  LM/9>JT/<1  ,K2, 
2K3.LW/0UT2/Z1,72.Z4,Z9,A,B 

200  FORMAT! IX, 1SA4I 

77  REAOI 5,200, EN0=88I  OATE 

201  F0RMAT<1H1,20X,18A4) 

WR I TE<  6 , ?o 1  I  DATE 
REA0I5, INI 

READI 5.CCNSTI 
WC ITEI6, INI 
WRITEI6, CONST) 

100  FORMAT! lHO,5X,2HNS. 1DX, 2H0S , 1 1 X ,2MKl , 1 IX ,2HK2 , l 2 X, 3HT AN, 27X , 3HZ1 1 , 
231X.3HZ14// I 
WKlTE!6,lO0l 
ZONE=I l.OO.o.ooi 
ZOONE  =  (0  .  00,1.00) 

PI  1=31416.0-4 
PI  12=62832.0-4 
ZR0=0. DO 
0NE=1. DO 
DO  ID  1=1. NX 

IF! SN(Jl.EO.AN)  GO  TO  10 

Y=P!I2*(XE-AN«-SN!  Ill/LW 

DX*DS ( I  I -DA 

IFI0X.LE.ZR0I  GO  TO  10 

C0SINE=DC0S(Pn*0X/LH»**2 

X=DSIN( PI I*0X/LW I /DSQRT 12. DO— COSINE) 

Y1=DTAN( Y) 

Zl=Z30NE*Yl 
Z2A=Z0NE*X 
Z2=Z2A-Zi 
Z3=Z0NE-Z2A*Z1 
Z4= 12/1 3 
Z5=Z00NE*K1 
Z6=Z4+Z5 
Z 7=Z  )DNE*K? 

Z0=ZONF+Z4*Z7 
Z9=Z8/Z6 
Z10=Z00NE/K3 
Z  11 =210*29 
Z11RE=SILLY(U 
Zl  1  IM  =  S  ILLY ( 2  I 

Zl 2  SO=CO  SORT! Z1 1 ♦( 1 , OD/3. DO > *Zll**2 > 

A=FUN( 1 1 
8=  FUN  12) 

160  T AHA=CT ANH! A) 

TAN8  =  0T AN ( B  I 

A2  =  TAHA«!0NE  +  TANB*«2I /( PNE*TAHA**2*TANB**2  I 
82  =  T  AND* ( ONE-T  AH A**  2) / I ONE  +  T  AHA**2*TANB**2) 

Z14RE=A*A?-B4fl? 

Z  14  I  M  =  A*8  ■’♦8*A2 

CRPOkl  =()S3RT  (  (  Z14RF-ZURE)**2«-(Zl4  I M-Z 1 1 1 M I **2 I 
no  4  *0  K  =  1 , 4 
T  AHA=  UT  ANH! \ I 
DO  6’*o  J  =  1  ,  2 
WF-0'!t  +  STFI*!K>*F!  J) 

401  30LD=R 

Z14I0D=Z14I M 
7 14R0D=  Z 1 4R  F 

erdld=errdri 
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PKuCKAM  I  (cent.) 


■>  1 1, , 
•f'o6 
'1066 
'•if,  7 
■5 -7 -Vi 

7069 
•Ui73 
H'  7 1 
07  77 
1-071 
r.r-74 

OP  7  5 

4 

on  7  7 
rr>?a 

7070 
r  7ho 
oo  m 

10(17 

70(15 

70R4 

OCRS 

10(1(1 

0087 

7088 

0039 

7097 

1091 

0097 

10(51 

1094 
0O9S 
7  7  94 
o  197 

ir  98 
(•'  90 
'MOO 
7  LO  1 
010? 
0103 
OI04 
91  09 
OI04 
7  107 
0103 
0  109 
olio 
oill 
’ll  ? 

'll! 
7  114 
0  1  IS 
0116 
0117 
^  11  3 


TANU  =  r>TANl  9  1 

4  2= TAMA*  <  l’NE*T  A  MB**  2  I  /  I  IN E *T AUA**2*T 496**2  ) 

3  2-  TANt'.(7  ( ONE- TAMA* »  ?>  /<  1NF+T  AHA**2*T4N.8**2  1 
214FC-A*  A7-(ir(i? 

7 1  4 1  M  =  A*  62  ♦  H«  4? 

F«8  0kl  =  0SUHT!  (  Z14RE-Z  HUE  1**2*{  71  4  1  M-z  1 1  [  m >  «*?  ) 

IFlERRORl.LE.EPOLOt  GO  TO  401 
Z 1 4 1 H  =  Z 1 4100 
Z 14RE=Z 14R00 
U=ROLO 

ERROR  1=>FR0L0 

400  CONTINUE  "*~ 

TANR  =  OT  AN ( 3 1 
00  700  J  =  1 , 2 
WG  =  f'NFi-STFP(K  ) * P  f  J  ( 

40?  AOL  (1=  A 

Z  14P.0U=7  1  4RF 
Z14 100=  Z 14  IM 
FK7LI)  =  ERP0R1 
4=fl*WF 

TAH4=0TANH< A} 

A?  =  TAHA*  (  nNE«-TANH**?l  /  (0NE<-TAMA*’»?*TANB*T7  | 

32  =  TANB4<CONE-T,'HA**,2)/(  ONE  *T  AHA**2*TANB**2  1 

Z14RE =A* Ap-Brfli 

Z14TM  =  A'*B24-H*4? 

FUROR  1= O' ORT( ( Z14RC-Z11RE)**2+I Z 14  I M-Z 1  1IM>**2I 
lF(ERRORl.LF.EROLO)  GO  TO  402 
?  14RE  =  Z  14?or) 

Z141M  =  Z14  100 
4=A0Lf1 

ERROR  1  =  FP  nL  0 
709  CONTINUE 

IFIcPP.oRl.LE.  1.0-41  GO  TO  440 
400  CONTINUE 
457  Z 1  2P.E  -=Z  ONE*  A 
Z1?1M=?0CNE*B 
712NCW=( Z17RE'Z12IH1**2 
71  3=-Z12NFU“K3**2 
G=ZONE*FC 
‘1=  ZONE'W 
71 5  =  ( G»  Z 1 3  I /H 

7 1 4R  =  7TNE*  Z  14PE  .q\ 

Z14I  =  Z09NP*Z14!M  v* 

Z14=Z14R*714l 
RE*FAKE1 1  I 
AIM=-FAKF (2 1 
T4  3=4  I H/RF 

m  FORMAT ( ?X.FR.4.5X.F7.4,5X,F9. 7.5X.F9. 3f5X,F«.4,5X,E13.6,3X,F13.6, 
25X.E13.6.1X ,E13.4) 

UP! TE (6,300  1  SN( n.OS(I) ,RE.AIN,T6M,Zll,Z!  4 
«4P.  1  Tfc  ( 6  .  OUT 2  1 
1 ’  CONTINUE 
GO  TO  7  7 
H3  CALL  EXIT 
FND 

TYPICAL  PRINT-OUT 


NS  DS  K1 


0.625C  0. C700  30.705 

0.6310  0.0710  29.533 

zn 


-0. 2717030-31  0.4506940-02 

-0.2610660-01  0.4439130-02 

tour 

K 1 --0. I  1 31 699959999999  ,K2=»  -1.196499999999999  ,K3»  46.994  99999999999 

CE.ND 

.LW.  4,499999999999999 


K2  TAN 

4.965  0.1617 

4.894  0.1657 

Z14 

-0.2717070-01  0.4506930-02 
-0.2610690-0*  0.4439150-02 


HP 
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I’KOCKAM  J  I 


ll  Vi  — 1>  Oi  ANY  LF.NCTil  <.,'  HALF  VAVKU-NttTHS) 

AGAINST  SNORT  IK  UOI.I.OW  CL’IOL 


rnwitiAN  iv 

f.-GQI 

MU? 


nr.o  i 

nr.i4 

3005 

r,ni6 

cam 

noon 

0009 
or  in 
ntn  1 
no  12 
non 

0014 

(1015 

noth 

001  V 
OMR 
0010 
n-?n 
0021 
on  ?  ? 
0021 
0024 
0021 
0026 
0027 

or?« 

007  0 
or  in 
noil 
0017 
0011 
0014 
0015 
0016 
0017 
001  fi 
001 9 
0040 
0041 
C047 
0041 
0044 
004  6 
0046 
11047 
004  A 
004<J 
0050 
0051 
0052 
3051 
0064 
0056 
0066 
005  7 
OOSfi 
0!  55 
0060 
no6t 


I  I'VH  In  MAIN  DATE  =  ill  12  17/17/ 

INTEGER  *4  I.J.K.N.NX 

Rf At*H  K1 .K2.K3.Y.XE.AN.SN.LW.DX .OS.OA.X, A,B.A2,B2,Z 14RE.Z14IH, 

2 IOLO. 214100. 71 4R0U. ERROR  1 ,ER OLD. AOLD. AIM, RE. TAH.ZllRE.ZlllH.UE. 

If.  06  TNF.rC.U.7M.Yl.TAHA.TANB.P!I.Pn2.ZRO.ONE.STeP(22l/U.  1D0.5.C  2 
42. 0-7. 1.0-2. 5. 0-1. 2.0-3. 1.0-3, 5. 0-4, 2. 0-4, 1. 0-4. 5.0- 5. 2.0-5. 1.0-5 
65.0-6. 2. 0-6. 1. 0-6. 1. 0-7,1. D-8,1. D-9 . 1. 0-10 . 1. D-l 1 . 1 . D-l 2/ , NOB . 
6F1? 1/1. DO. -1.00/. SOLO 

COMPLEX* 1 6  7 1.72. 73, 74. 75. 76, 77, 28. 29. Z1G. 7 11. 71 2, 71 3. 7 14R. 714  1. 
2/14. 71 2NEW. 21 2RE.2121M.712SO.G.H, 715.72A. ZONE, 700NE 
RfAI*5  S!llV!2  I.EAKEI2I 

EQUIVALENCE  !SILLY!ll.Zilt.(  rAKE(U.2l5) 

DIMENSION  OS  1 561. SN 1 56  I .NI 56 '  . DATE  1 181 

NAMELIST/ I N/DS.SN.N.NX/CONST/GA, AN .KE . K1 . K2, K3, FC, M. LM/OUT / A , 
78.714RE.714IM.K. J . ERR0R1 . KOUNT . WE 
203  FORMAT I1X. 18A4 I 
77  REA0l5.20f .'NO=RR)  DATE 
701  F0RHATI1H1.20X.18A4) 

WRI TEI6.2C1 I  DATE 
REAOI 5. INI 
REAM  5. CONST  I 
URITFI6.INI 
WRI TEC  6. CONST! 

Ill  I0«MAT(!H3 ,5X .2KNS.6X.2HDS.6X, 1HN. 6X . 2HK l. 9X . 2HK2 , 9X . 3NT AN, 
218X.3H711 ,2BX,3H7l4//i 
URFTEI6.10M 
7ON£=!l.O0.0.n0l 

znnNE-io.or.i.u/n 
PI  1-31416.0-4 
PI  12*62832.0-4 
7R0-0.00 
ONE-l.Or 
DO  10  I - l .NX 

TFISN1 ll.EO.ANI  GO  TO  10 
Y  =  p  I  I2*CXE— AN+SN!  11  l/t.W 
l)*  =  OS!  I  1-DA 
IF! OX. I E.2R0I  GO  TO  10 

cnsiNF-ncosiPi  i*ox/lw;-'»2 
X=DSIN!P! I*OX/LWI /osortiz.od-cosinei 

Y1«0TAN(Y I 

f 1 =700NE*Y1 

7  2A* ZONE*  X 

72=224-21 

73=ZONF-72A*71 

74=72/73 

75*/nNF*Kl 

76=24*75 

77=700NE*K2 

28=70NE*24*77 

79=  Z6/28 

710=/00NE*!-K3 I 

711 =210*79 

711RE=StLLY(l I 

711 IH=SIll Y(2 1 

7M=0SGRT! 211RE* *2+211 1H**2 I 

IF!N( II  .EO.  II  GO  TO  141 

TF(N(  II  .  GE.  2  I  GO  TO  i42 

141  IFI7M.tE.ONE.ANO.ZllRE.GE.2ROI  GO  TO  150 

IFI7M.IE.ONE.ANO.711RE.LT.2ROI  GO  TO  151 

l F ! 2M.GT . ONE .AND. Z11RE.GE.ZR0I  GO  TO  152 

IFI/H.GT.ONF. AND. 211RE.LT.2RO)  GO  TO  153 

142  IF! 7M.LF.0NE.AN0. Z11RE.GE.2P0I  GO  TO  170 

IF  I  7M.lt. ONE. ANO.  7URE.LT.ZR0I  GO  TO  171 

IFI7M.GT.CNE.ANQ.711RE.GE.7R01  GO  TO  172 

IF  I7M.GT.ONr.ANO.7tlRE.LT.ZROI  00  TO  173 

150  P=ONf 
A-42.Li-l*0X/LU 
co  ra  160 

151  6=77. 0- 1 
A-2.HO*OX/l W 


I' ROt: RAM  II  (cant.) 


or.*,? 

1.0  Tf)  160 

f'Ohl 

?  i  •; 

ft  =ONE 

0064 

A=6.D1*0X71W 

006  5 

00  TO  160 

0066 

151 

R=18.0-1 

0067 

.  A  =  OX  /  LW  si,- 

Of,  6  ft 

00  TO  160 

0060 

170 

M08-NM  I  1 

0070 

ft  =  (  N08-ONF  1*PI  1*7854.  0-4 

OC  71 

A=4.00*OX/LW 

nc7? 

00  TO  160 

007ft 

l  71 

N08=N< I 1 

0074 

R=N08»P I 1 -7854.0-4 

007  5 

A  =  4.m*0X/LW 

0076 

00  TO  16C 

Of  77 

172 

N08=NI 1 1 

007ft 

ft  =  12.  OOiMOft-l.Dr)  >*157C  8.0-4- 1. 0-1 /N08 

0C70 

A  =OX/CW 

of.RO 

00  TO  160 

nr  <ti 

ft  71 

N08=N< 1 1 

O0B? 

B=<  ?.  m*N08-l.  001*15708.  0-4*1.  1-1/ND8 

0  Oft  ft 

A-nx/LM 

Of  ft 4 

160 

TAHA  =  I)TANH<A) 

Of  ft  5 

TANB  =  f)TAM  81 

0086 

A2  =  T  AHA* 1 ONF*  T £NB**2 1 / (ONE* T AHA** 2* TAN8**2) 

0087 

R?=  TANR  M  OWE  -T  AH  A**2  1  7  1  ONE*  T  A  HA**  2*  T  A1JB*.»?  1 

OOftft 

7 14R E  = U* A  2*8*82 1 /» A**2»B**2 1 

oo«q 

7141  M=  1  A*B2-B*A?  1/1  A**2+B**2  t 

000'' 

FRRnRl=O.SORTl  1  Z14RE-ZUR  El  **2*1  Z141H-  711  INI **21 

nooi 

00  4<n  K  =  1  .22 

000? 

SOLO  =  STE  PIK1 

oooft 

taha=otanh<  a i 

0004 

00  600  J  =  1  .? 

0005 

420 

WE  =  1NE*  STE  PI  K  l*F  l  J  1 

OU06 

KOUNT=0 

0007 

40  1 

KOUNT  -RCMJMT*  1  ,  nn OH  1 F  (KOUMT  .  GT  >  1 3)  GO  TO 

ftooo 

oS- fn  4 25  uu 

oi  oo 

411 

STFP(K]=STEPIK ! *10.00 

0101 

on  TO  420 

010? 

425 

BOt  O-ft 

010ft 

714100=714  H 

0164 

71  4R00=  714R1 

0105 

FROI.O  =  FRROR1 

0106 

n=R*wE 

0107 

TANB  -DTANi  B1 

cion 

A?=TAMA*( ONE • TANB**Z1 7 1  ONE* T AHA** 2* TANB** 2 1 

oioo 

ft?=TANB*  (  ONF-1  AHA** 2  1  7  (  flNE*T  AHA**2*TAN8**2  » 

our 

714RF  =  (  ATA2*8*B?t  MA**?*B**2> 

0111 

7I4IH  -1  ft*B2-B*A2  1,  (  AO*2*(J**2  I 

Oil? 

FPR0R1=DS0RT< (714RE-ZI 1RE»**2*I 714 JM-Zll IM)**2I 

011ft 

IFlEHRORl.EE.ERr.LOl  CO  TO  40 1 

0114 

71418=714  100 

0115 

7 1  48  E  =  7 1 4  R  00 

0116 

ft=BOLO 

01  1  7 

FRROR1=FROLO 

o  n  ft 

STFP(KI=5010 

oil  o 

60  a 

f.fNT  1NUF 

0l?0 

TANB=OTAN<RI 

0121 

00  7'.0  J=  l «  ? 

01  ?? 

4?  1 

WE=0NE*STEP<K1*F(J1 

012ft 

KCIJNT  =  C 

-124 

46? 

K0HNT=K00NT*1 

"WPS 

lFlKOIlNT.GT.il  1  GO  TO  412 

0126 

GO  TO  42ft 

01  ?7 

412 

STEP («I  =  STFP<K  1*10.  DC 

01?R 

GO  TO  421 

01  20 

42ft 

AOL  0=  A 

01  ftO 

714fini)=714RF 

Ol  ft] 

714100=714 1M 

rift? 

EROI.D  =  FRRORl 

01  ft  ft 

A=A*WE 

0  1  14 

T  A*IA  =  OT  ANH  l  A  1 

0  115 

A?= T aha* 1  ONE ♦ T ANft** 2 1 71  ONE* T  AMA**2*  f AN&**2 1 

0116 

n?=TANP» (ONF-T AHA** 2 1 7 J ON E*T AHA**2* TANft**2 1 

Oil? 

/  1  4ft  2  -« I  A*  A  2*8*82  1 7 1  A**2*B**2  » 

Olftft 

714tM  =  H*B2-B*A?17i  A**2*B**2  1 

"1  ftO 

FRROHl  =  OEORT( ( 71 4R E-7 1 1  RE  1**2 ♦ 1 7 14IH-7 1 1 I«l  *• 2 1 

1<* 


PROCRAM  II  (Cent.) 


0140 

3141 

0142 

0143 

0144 

014!) 

0140 

0147 

014fl 

0140 

0150 

0151 

315? 

0153 

0154 

0155 

0156 

0157 

0158 

0159 

0160 

0161 

0162 

0163 
01  64 
0165 
0166 
0167 


IF(ERR0Rl.tE.>ER0l01  GO. TO  432 
Z 14RE=  Z14R0D 
/I4IN*Z14IOO 
A  =  AOLO 
ERRQR1 *EROLD 
STE  P( K I =SOLO 
700  CONTINUE 

IFIERR0R1.LE.1.D-M  GO  TO  450 
400  CONTINUE 
450  Z12RE*Z0NE*A 
Z121N=ZflONE*B 
Z 12NEW*  C  Z1?RE*Z121H)**2 
Z12=-Z12N£W*K3**2 
G=ZONE*EC 
H=70NE*W 
71 5  =  t  G*Z1 3 l/H 
Z14R=Z0NE*Z14RE 
Z 141 «7P0NE*  Z 14 IM 
Z14»Z14R*Z14I 
RE«FAKEf 1 1 
AIM—FAKEI2I 
TAH-AIM/RE 

3G0  F0RMATC2X.F7.4 .3X.F7.4.3X.12.3X.F7. 4.3X,F9.6.3X,F9.6.3X.E13.6. 

22X.El3.6.3X,E13.6.2X.E13.fc> 

WR I TE 1 6 «3CQ 1  SN( 1 1 • OS ( ! I «NI I  1 . R E . A I H. T AN. Z1 1 . Z14 
10  CONTINUE 
GO  TO  77 
BB  CALL  EXIT 
END 


TYPICAL  PRINT-OOT 


NS 

OS 

N 

K1 

K2 

TAN 

7.0000 

n.oioo 

1 

1.1471 

002666 

0.032324 

7. 0005 

1.0030 

1 

1.1138 

0.453739 

0.437376 

6.5000 

o.oion 

1 

1.7884 

0.004175 

O.C02335 

6.  5000 

l.ooor 

1 

1.5719 

0.650037 

0.413534 

6.0000 

O.GIOO 

1 

3.2139 

0.011904 

0.003T04 

6.0000 

1.0000 

1 

2.0000 

1.525029 

0.762;,  20 

7.  5000 

o.oion 

2 

6.9674 

0.001903 

O.G50273 

7.5000 

1.0000 

2 

6.  9787 

0.325143 

0.046591 

7.0000 

o.moo 

? 

7.3665 

0.302279 

0.000309 

7.0000 

1.0000 

2 

7.2929 

0.375678 

0.051513 

6.  5000 

0.0100 

2 

8.0271 

0.005175 

0.00C645 

6.  5000 

1.0000 

? 

7.6436 

0.6B1794 

0.089198 

6.0000 

0.3100 

2 

11.0249 

0.039429 

0.CG35T6 

6.0000 

1.0330 

2 

7.4015 

1.728636 

0.  233552 

Ill  Z14 


0.2414320  Cl 
0.8459020  00 
-0.1543920  01 
0.3352290-02 
0.1034650  OG 
0.7152890-01 
0.9572150  OC 
0.7807970  00 
0.2414320  PI 
0.8459020  00 
-0.1543920  Cl 
0.3352290-02 
-0.1334650  00 
0.7152890-01 


-0.209141D-01 
-0.9386930  00 
-0.205383D-01 
-0.9350780  00 
-0.277013D-02 
-0.3936980  00 
-0. 2783620-02 
-0.3949790  00 
-0.2091410-01 
-G. 9386930  00 
-0.2053830-01 
-G. 9350780  00 
-0.277013D-02 
-C. 3936980  00 


0. 241432D  01 
0.8459020  00 
-0.1543920  01 
0. 3352200-02 
-0. 1C34650  00 
0.7152920-01 
0. 957216D  GO 
0. 7BC797D  00 
0.2414120  01 
0.8459020  00 
-0.154392D  01 
0. 3351370-02 
-0.1034660  00 
0. 715288D-C1 


-0.2091410-01 
-0. 938693D  00 
-0.2053830-01 
-0.9350T8D  00 
-0.2770130-02 
-0.3936980  00 
-0. 2783630-C2 
-0. 3949790  00 
-0. 2091410-01 
-0.9386940  00 
-0.2053830-01 
-O.O’SOTBD  00 
-0.27 70 l 40-02 
-0.3936980  00 
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INDEX  TO  DIELECTRIC  DATA 
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_  I.  INORGANIC  COMPOUNDS  '*=" 

Aluminum  oxide,  single  crystal,  Union  Carbide 

"  "  multicrystalline,  G.E.  A-923  17 

A-1004  i7 

Boron  nitrid  .,  hot-pressed,  Battelle  Memorial  InstiCuc.-'  18 

Magnesium  aluminate  (spinel),  single  crystal.  Union  Carbide  18 

Silica  slipcast,  Dynasil  18 

Silica  fiber,  Philco  Ford  18,19 

Silica  fiber  phosphate,  Whittaker  Corp.  20 

Silicon  nitride.  Admiralty  Materials  Lab,  20 

II.  MISCELLANEOUS  INORGANICS  AND  MIXTURES 

Concrete  pavement ,  California  Highway  Department  21 

Asphalt  pavement,  "  "  "  21 

III.  ORGANIC  COMPOUNDS 
(Listed  acoT'ding  to  source) 

Budd,  copper-clad  laminate  22,23 

Carborundum,  EKONOL  (polyester  resin)  23 

Dodge  Industries,  FLUORGLAS  E  650/2-1200  24 

E.I.  du  Pont  de  Nemours,  Nonex  honeycombs  24 

IV.  LIQUIDS 

(Listed  according  to  source) 

Hercules  Inc.,  VUL-CUP ,  a,a^-bis(t-butyl  peroxy)  diidopropybenzene  25 

"  DI-CUP,  dicumyl  peroxide  25 

Pennualt  Corp.,  Lucidol  Div.,  Lucidol,  t-butyl  perbenzoate  25 

"  "  Lupersol  130,  2,5-dinethyl-2,5-di(t-butylperoxy)  hexyne-3  25 

U.S.  Peroxygen  Div.,  Argus  Chemical  Corp.,  USP  333  26 

Wallace  &  Tieman  Inc.,  Lupersol  101,  2,5-dimethyl-2,5-di(t-butylperoxy)hexane  26 


16 


I.  INOItGANIC  COMPOUNDS 


f 


Aluminum  oxide,  single  crystal 

Union  Carbide,  Electronics  Div. 

Sapphire  AljOj 

Density  at  25°C  =  3.9840  g/cm3 

Freq. 

3.45  -  3.33 

GHz 

E  1  C 

T°C 

K 

tan  6 

25 

9.39 

<.0001 

80 

9.41 

<.0001 

240 

9.49 

<.0001 

377 

9.62 

<.0001 

526 

9.83 

<.0001 

617 

9.95 

<.0001 

713 

10.08 

- .00015 

Aluminum  oxide,  multicrystalline 

General  Electric  Company 

A-923  (97%  A1,0  ) 

*  J  3 

Density  3.740  g/cm 

A-1004  (94%  A1203) 
Density  3.649  g/cm3 

Freq.  3.74  -  3.37  GHz 

Freq.  3.80  -  3.61  GHz 

T°C 

K 

tan  <5 

-O. 

T  C 

K 

tan  ( 

25 

9.31 

.00039 

25 

9.02 

.00076 

99 

9.41 

.00042 

100 

9.11 

.00078 

184 

9.58 

.00053 

200 

9.26 

.00081 

281 

9.72 

.00070 

300 

9.40 

.00093 

356 

9.84 

.00090 

400 

9.55 

.00109 

430 

9.96 

.00112 

500 

9.69 

.00128 

562 

10.17 

.00160 

600 

9.84 

.00177 

705 

10.42 

.00215 

650 

9.92 

.00335 

800 

10.63 

.00265 

700 

10.00 

.0093 

903 

10.86 

.0033 

973 

10.98 

.0040 

1025 

11.17 

.0045 

1050 

11.22 

.0050 

1109 

i.: .  38 

.0060 

1132 

11.41 

.010 

17 


Boren  nitride 

(hot-pressed,  after  vacuus  treatment) 

Density  in  g/ca3 

8.52  GHz,  25°C 
Sample  Density 


Battelle  Memorial  Institute 


tan  6 


115H7  — 

118H7  2.132 


4.37  .00030 

4.87  .00025 


Magnesium  aluminate  (spinel)  MgOAl^  Union  Carbide,  Electronic.  Div. 

Single  crystal 

Density  at  25°C  -  3.57389  g/cm3 


i'req.  4.23  -  4.07  GHz 


T°C 

K  +  02 

tan  6 

25 

8.28 

.0001 

150 

8.42 

.0002 

231 

8.54 

.0002 

297 

8.64 

.0003 

421 

8.85 

.0010 

455 

8.91 

.0025 

Silica,  slip-cast  Dynasil  Corp.  of  America 

8.6  CHz,  25°C 

Sample  Density  (g/cm3)  <  tan  6 

DSCX-3  1.970  3.395  .00058 

DSCX-8E  2.038  3.513  .00054 


Silica  fiber  composites  Philco— Ford  Corp.,  Aeronutronic  Div. 

Sample  1-VH-O-M-l,  25°C  (Hz)  105  106  10?  7.5xl07  1.8xl08 

As  received,  ic  2,779  2.777  2.777  2.775  2.772* 

density  1.53b  g/ern3  10^  tan  6  4.6'  8.3  6.4  13.4  17* 

After  18  hrs.  k  2.77  2.77  2.77* 

vacuum  oven  80°C  10^  tan  6  4.6  9.1  11.5* 

* 

Extrapolated  values. 
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Silica  fiber  composites  (cont.) 


Philco-Ford  Corp.,  Aeronutronic  Div. 


Sample  1-XB-O-M 

Density  1.653  g/cm3 

_  T°C 

A3  received.  Face  1  up  25 

Face  2  up  25 

After  vacuum  oven 
80°C,  10  days 


Face 

2 

up 

25 

2. 

938 

.00162 

Face 

1 

up 

25 

2. 

895 

.00169 

115 

2. 

89 

.0012 

246 

2. 

89 

.0006 

357 

2. 

90 

.0005 

438 

.0006 

535 

.0008 

608 

.0010 

710 

.0014 

805 

.0020 

908 

.0026 

972 

.0028 

1000 

i 

’  * 

.0031* 

25 

2. 

89 

.00042 

Extrapolated  values. 


8.52  GHz 

<  -■•'tan  6 

2.919  .0062 

2.956  .0064 
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iM'ifi i 


i 

r 


j). 


ca  i  ibw-r.j  i aiiuainuLi 

phosphate  matrix 

Uhit taker 

8.52  GHa 

Saiu*>l<r 

T°C 

K 

tan  6 

„  Density  (c/cm^) 

1,  as  received 

25 

2.73 

.0051 

1.547 

- ,  as 

25 

2.70 

.0060 

1.543 

* 

2,  dried 

25 

2.68 

.0043 

(wt.  loss  .049%) 

2,  room  humidity 

25 

-2.70 

.0050 

116 

2.70 

.0050 

235 

2.71 

.0053 

410 

2.71 

.0080 

495 

2.71 

.0105 

580 

2.72 

.0140 

673 

2.72 

.0177 

760 

2.72 

.0228 

327 

2.73 

.0265 

916 

2.74 

.0315 

967 

2.75 

.038 

25 

2.71 

.0047 

4  days  at  120°C  in 

vacuum 

oven. 

Silicon  nitride  ceramic  Admiralty  Materials  Laboratory 

At  8.52  CHz ,  density  2.449  g/cm^ 


T°C 

tc 

tan  6 

25 

5.54 

.0036 

170 

5.54 

.00375 

323 

5.54 

.0040 

446 

5.55 

.00365 

586 

5.55 

.0030 

674 

5.56 

.0050 

714 

5.57 

.0054 

864 

5.58 

.00615 

912 

5.59 

.00630 

991 

5.63 

.00665 

509 

5.55 

.0034 

348 

5.54 

.0040 

20 


u.  ;  a: 

CELLAiJEOUS 

IMOSOAMICS 

ADD  MrXTUKES 

-terete 

i>avttKa:»;t 

* 

California 

Highway  Depur 

Snap In 

i  L  y 

OZiz) 

0.1 

1 

10 

100 

SI 

Dry 

K 

9.05 

7.97 

.  ■'M 

t.  57 

— 

-  - 

tan .  6 

.0946 

.0913 

‘.07386-  .0536 

SI 

Wat 

K 

176.5 

69.2 

23.5 

13.2 

tun  6 

.822 

1.088 

.734 

.485 

;phalt  pavecent 

California 

Highway  Deparl 

Sawnl h 

Density 

(lte) 

105 

io6 

io7 

108 

S 

Dry 

K 

4.51 

4.34 

4.21 

4.14 

C  aw  0 

.0280 

.0221 

.0181 

.0198 

S 

Wet 

K 

42.0 

17.7 

9.03 

6.54 

tan  6 

.875 

.638 

.444 

.233 

L 

Dry 

K 

4.79 

4.73 

4.70 

4.61 

tan  c 

.0187 

.0158 

.0123 

.0121 

L 

Wet 

rC 

14.46 

9.28 

6.65 

6.01 

tan  6 

.368 

.280 

.190 

.104 

2] 


III.  ORGANIC  COMPOUNDS 


Copper-  clad 

laminate 

PE1153 

The 

Budd  Co. , 

Polychem  Division 

E  1 

102 

103 

104 

105 

106 

107 

3- terminal , 

25 

K 

2:420 

liquid  im¬ 

tan 

6 

mersion, 

unclad  * 

Declad  + 

25 

K 

2.451 

tan 

6 

3- terminal. 

26 

K 

2.650 

2.465 

2.438 

2.432 

clad 

tan 

6 

.0945 

.0279 

.00484 

.00093 

-195 

K 

2.416 

2.415 

2.414 

2.411 

tan 

6 

.00030 

.00033 

.00036 

.0CO22 

-54 

K 

2.433 

2.421 

2.417 

2.413 

tan 

6 

.00042 

.00050 

.00052 

.00031 

2-terminal, 

25 

1C 

2.495 

2.475 

2.471 

2.469 

2.468 

2.468 

clad,  mens. 

tan 

6 

.01816 

.00307 

.00083 

.00050 

.00055 

.00035 

12-21-70 

3-terminal, 

25 

K 

2.843 

2.504 

2.457 

2.449 

clad,  2nd 

tan 

6 

.141 

.0491 

.00811 

.00126 

sample 

96 

K 

2.486 

2.398 

2.389 

2.384 

tan 

6 

.0708 

.01343 

.00230 

.00050 

250 

K 

2.257 

2.240 

2.232 

2.222 

tan 

6 

.0263 

.00568 

.00238 

.00111 

25 

K 

2.759 

2.510 

2.459 

2.451 

tan 

6 

.0970 

.0390 

.00748 

.00115 

2-terminal, 

-54 

tc 

2.484 

2.484 

2.484 

2.479 

2.464 

2.456 

clad 

tan 

5 

.00034 

.00044 

.00065 

.00062 

.00059 

.00110 

-195 

K 

2.490 

2.487 

2.485 

2.484 

2.482 

2.470 

tan 

6 

.00029 

.00038 

.00053 

.00028 

.00049 

.00091 

25 

K 

2.462 

— 

2.458 

tan 

<5 

.00050 

- 

.00033 

96 

K 

2.474 

2.464 

2.461 

2.460 

2.458 

2.455 

tan 

<5 

.01193 

.00226 

.00084 

.00059 

.0005C 

.00068 

250 

K 

2.333 

2.319 

2.312 

2.309 

2.298 

2.295 

tan 

<5 

.01013 

.00340 

.00177 

.00147 

.00097 

.00070 

25 

1C 

2.422 

2.415 

tan 

6 

.00995 

.00189 

E  II 


2-terminal, 

25 

>c  2.434 

2.533 

2.431 

2.428 

2.416 

2.413 

unclad 

tan  6  .0037 

.00094 

.00061 

.00035 

.00052 

.000 

Refers  to  sheet  stock  received  without  copper. 

Refers  to  a  sample  made  by  mechanically  stripping  the  copper-clad  sheet. 
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Copper-clad  l.'-jninuta  PE1153  (cont.) 


The  Budd  Co .  , "  Polychein  Division 


Rcsonunt-Cavity  HeasuteMents : 

~  8.5  Clls,  sample  constrained  in  parallel  direction,  allowed  to  expand  with 
temperature  against  a  force  30  Ib/sq  in  the  perpendicular  direction.  Unclad  stock. 


K  _L 


T°C 

K 

tan  6 

-194 

2.466 

.00063 

-54 

2.437 

.00070 

23 

2.421 

,00091 

96 

2,396 

.00’.  -7 

250 

2.296 

.002  2 

Standlntr-wave  method,  2 5°C 

E  fl  ,  one  piece  unclad 

EKONOL  (polyester  resin) 


Frequency,  Uz 

T°C 

io2 

25 

103 

104 

io5 

106 

io7 

!08 

8.5x10° 

1r 

99 

155 

207 

284 

350 

420 

217 

25 


Thickness 


tc 

tan  6 

cm 

2.420 

.00095 

1.911 

2.397 

.0C104 

1.917 

2.383 

.00130 

1.924 

2.367 

.00147 

1.948 

2.246 

.00185 

2.093 

2.387 

.00128 

The  Carborundum  Company 


K 

tan  6 

3.216 

.00289 

3.210 

.00316 

3.185 

.00336 

3.168 

.00348 

3.156 

.00325 

3.148 

.00220 

3.140 

.00215 

3.120 

.00281 

3.11 

.0030 

3.08 

.0040 

3.07 

.0061 

3.04 

.0104 

3.03 

.0230 

3.03 

.0230 

2.99 

.0067 

2.96 

.0025 

23 


Dodgu  1  adu“-  icis,  Inc. 


KLliOItGLAS  K  650/2-1200 

i t£-f Iberglas  laminate 


Freq.,  Cilz 

T°C 

K 

6.5 

'’3 

2.505 

4 

Nonex  honeycombs 

At  8.52  GHz 

-1^5  2.533 

a  direction 

E  X  double-layer 
seam 

Sample 

Density 

K 

tan  6 

No. 

1 

1.3S8 

1.0348 

.00089 

3. 

2.892 

1.0519 

.00165 

3 

3.^38 

1.0788 

.00176 

4 

4.039 

1.0808 

.00187 

5 

4.124 

1.0827 

.00274 

6 

4.259 

1.0863 

.00197 

7 

4.701 

1.0928 

.00315 

8 

5.603 

1.0990 

.00205 

* 

8 

5.603 

1.1010 

.00330 

it 

At  100°C,  all 

other  v.. 

lues  at  ?5°C 

E  J. 

l 

:  II 

tan  6  "* 

tan  6 

.0014 

2.847 

.0036 

.00082 

2.896 

.00172 

E.  I.  du  Pont  de  Nemours  and  Company 


b  direction  c  direction 

E  (i  double-layer  E  II  holes 

8  earn 


!•: 

tan  6 

K 

tan  6 

1.0441 

.00141 

1.0855 

.00212 

1.0669 

.00229 

1.0951 

.00350 

1.1258 

.00326 

1.1444 

.0041 

1.1020 

.00278 

1.1265 

.0045 

1.1045 

.00359 

1.1351 

.0046 

1.1340 

.00382 

1.1270 

.0045 

1.1115 

.00297 

1.1455 

.0047 

1.1781 

.00468 

1.1869 

.0065 

1.1667 

.00628 

IV.  LIQUIDS 


VUL-CUP 

a,a^-bis(t-butyl  per&xy)  diiaopropylbenzene 


Freq. ,  Hz 
1C2 
103 
104 
105 
10C 

1.8xl07 

o 

6x10' 

108 

109 

3xl09 

8.5xl09 


25°C 

K 

2.633 


t 

2.63 

2.60 

2.56 

2.40 


tnn  6 
.0011 
.00011 
.000013 
10-5 

.00005  +  2 


.005  +  2 
.0206 
.0378 
.056 


10 

3xl09 


9 


99°C 

2.26  .0116 

2.24  .0184 


Hercules  Tnc. 
PI-CUP 

dicumvl  percxide 


25°C 

r 

tc 

2.79 


t 

2.97 

2.73 

2.70 

2.57 

2.515 

2.495 


tan  6 
.00/3 
.00081 
.000115 
.000064 
.00040 
.0032 
.0025 
.0050 
.0082 
.0078 
.0044 


Lucidol 

t-butyl  perbenzoate 


Freq.,  Hz 

25°C 

K 

tan  6 

2 

10 

— 

— 

3 

10 

— 

io4 

12.17 

.17 

105 

12.17 

.017 

106 

12.1 

.0027 

io7 

12.0 

.0095 

108 

11.2 

.0044 

io9 

5.70 

.252 

3xl09 

4,0 

.337 

8.5xl09 

3.2? 

.460 

Pennvalt  Corp. ,  Lucidol  Div. 

Lupersol  130 

2,5  ...methyl- 2 , 5-di  ( t-b uty lperoxy )  hexyne- 3 


?.5°C 

Freq.,  Hz 

♦c 

tan  6 

102 

2.656 

.00123 

O 

H 

.000123 

104 

.000012 

io5 

.000023 

io6 

1 

' 

.00012 

io7 

2.655 

.00121 

108 

2.65 

.0066 

109 

2.56 

.0235 

3xl09 

2.50 

.0344 

8.5xl09 

2.39 

.0505 

99°C 

2.33 

.0076 

2.32 

.0154 

25 


DSP  333 

U.S 

Peroxygen  Div.~,  Argus 

25°C 

Fraq.,  Hz 

K 

tan  £ 

- - 

102 

3.818  '‘.OllO 

10  3 

.00170 

104 

.00017 

10  5 

.000027 

106 

f 

.00021 

107 

3.81 

.00157 

108 

3.75 

.0146 

109 

3.60 

.0842 

3xl09 

3.30 

.130 

8.5xl09 

2.80 

.1735 

Lupersol  101 

2 , 5-dime thyl-2 , 5-di ( t-buty lperoxy)hexane 

25°C 

Wallace 

Freq.,  Hz 

K 

tan  6 

io4 

2.66 

.000088 

105 

2.66 

.000144 

106 

2.66 

.000053 

io7 

2.65 

.00049 

108 

2.64 

.0050 

10  9 

2.62 

.0217 

3xl09 

2.58 

.0387 

8.5xl09 

2.41 

.057 

2.4xl010 

2.26 

.045 

99°C 

109 

2.02. 

.0040 

3x10  9 

2.02 

.0068 

chemical  Corp. 


&  Tieman  Inc. 
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